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1 The graph of 𝑦 = 𝑓(𝑥) is shown below 

 
Which is the graph of 𝑦 = −𝑓(−𝑥) ? 

 (A) 

 

(B) 

 
 (C) 

 

(D) 

 
     
 
2 What is ∫

𝑥

𝑥2+3
𝑑𝑥? 

 
 (A) 2

(𝑥2 + 3)2
+ 𝐶 

(B) 2ln|𝑥2 + 3| + 𝐶 

 (C) 1

2(𝑥2 + 3)2
+ 𝐶 

(D) 1

2
ln|𝑥2 + 3| + 𝐶 

 

Section I 

10 marks 

Allow about 15 minutes for this section. Use the multiple-choice answer sheet. 
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3 The graph of the derivative y = f ′(x) is shown. 

 
Which of the following graphs could be the graph of y = f(x)? 

 (A) 

 

(B) 

 
 (C) 

 

(D) 

 

 
 
4 What are the solutions to the equation 2 sin 𝑥 + √3 = 0, where 𝑥 ∈ [0, 2𝜋]? 
 (A) 𝜋

3
, 

2𝜋

3
 (B) 2𝜋

3
, 

5𝜋

3
 

 (C) 4𝜋

3
, 

5𝜋

3
 (D) 7𝜋

3
, 

11𝜋

3
 

 
 
5 A card is randomly drawn from a set of 5 cards numbered from 1 to 5. After the card is returned 

to the set, another card is randomly drawn. What is the probability that the number on the first 
card is greater than the number on the second card? 

 (A) 1

10
 

(B) 1

5
 

 (C) 3

10
 

(D) 2

5
 

 
 
6 What are the period and axis of symmetry for 𝑦 = |tan 𝑥| ? 
 (A) 𝜋, 𝑥 =

𝑘𝜋

2
 (𝑘 ∈ ℤ) (B) 𝜋

2
, 𝑥 = 𝑘𝜋 (𝑘 ∈ ℤ) 

 (C) 𝜋, 𝑥 = 𝑘𝜋 (𝑘 ∈ ℤ) (D) 𝜋

2
, 𝑥 =

𝑘𝜋

2
 (𝑘 ∈ ℤ) 
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7 If 𝑎 > 𝑏 > 1, 0 < 𝑐 < 1, then which of the following is always true? 
 (A) 𝑎𝑐 < 𝑏𝑐 (B) 𝑎𝑏𝑐 < 𝑏𝑎𝑐  

 (C) 𝑙𝑜𝑔𝑎𝑐 < 𝑙𝑜𝑔𝑏𝑐 (D) 𝑎𝑙𝑜𝑔𝑏𝑐 < 𝑏𝑙𝑜𝑔𝑎𝑐 

 
8 For an Arithmetic Sequence, 𝑇4 + 𝑇5 = 24, 𝑆6 = 48. What is the common difference d? 

 
 (A) 1 (B) 2 

 (C) 4 (D) 8 

 
9 The function 𝑓(𝑥) = 𝑎𝑥2 − 2𝑥 + 𝑙𝑜𝑔𝑒𝑥 has two distinct extrema (max or min) at 𝑥1and 𝑥2. 

What is the range of 𝑎? 
 

 (A) 
(0,

1

2
) 

(B) 
(
1

2
, +∞) 

 
 (C) (0, 𝑒) (D) (𝑒, +∞) 

 
10 The graph of a function 𝑓(𝑥) is shown below.  

 

If 𝑔 is the function defined by 𝑔(𝑥) =
𝑥2+1

𝑓(𝑥)
, what is the value of 𝑔′(2)? 

 
 (A) −

8

9
 

(B) 1

9
 

 
 (C) 1 (D) 32

9
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Question 11(2 marks)  
Solve the equation |𝑥| ≥ |𝑥 − 6|. 2 
  

  

  

  

  

  

  

  

 
 

Question 12(2 marks)  
Show that (1 − tan 𝑥)2 + (1 + tan 𝑥)2 = 2 sec2 𝑥. 2 
  

  

  

  

  

  

  

 
  

Section II 

90 marks 
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Question 13(3 marks)  

At 12:00 noon, a ship sails due east from point P at an average speed of 20 km/h. The ship 
arrives at point Q at 2:00 PM. The bearing of point P from island I is 225°, and the distance 
between I and P is 30 km. 

 

 

(a) Find the distance between I and Q, to the nearest km. 1 

   

   

   

   

   

 

(b) Find the true bearing of Q from I. 2 
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Question 14(2 marks)  

Solve  𝑙𝑜𝑔𝑒𝑥 −
3

𝑙𝑜𝑔𝑒𝑥
= 2. 2 

  

  

  

  

  

  

  

  

  

 
 

Question 15(2 marks)  

Solve 2 cos (2𝑥 −
𝜋

2
) = √3 for 𝑥 ∈ [−𝜋, 𝜋]. 2 
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Question 16(5 marks) 

Differentiate with respect to 𝑥: 
 

 

(a) 
𝑦 = 𝑥4𝑙𝑛𝑥 

1 

   

   

   

(b) 

𝑦 =
𝑒𝑥

𝑥2
 

 

 
 

2 

   

   

   

   

   

   

(c) 
𝑦 = sin 𝑥3 

 

 
2 
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Question 17(2 marks)  

Find the integral ∫
1

5𝑥+3
𝑑𝑥. 2 

   

   

   

   

   

 
Question 18(3 marks)  
(a) Differentiate 𝑦 = 𝑥𝑙𝑜𝑔𝑒𝑥 with respect to 𝑥. 1 

   

   

   

 

(b) Hence, find the exact value of ∫ 𝑙𝑜𝑔𝑒𝑥 𝑑𝑥
3

1 . 2 
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Question 19 (3 marks)  
(a) Use the trapezoidal rule, with five function values to find the area bounded by the curve 

𝑦 = √𝑥 + 1, the x-axis, and the lines 𝑥 = 0 and 𝑥 = 4. Give your answer to 2 decimal 

places. 

2 

   

   

   

   

   

   

   

   

 

(b) Is your answer in part (a) an underestimate or overestimate of the actual integral? Give a 

reason for your answer. 

 
1 
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Question 20 (3 marks)  
(a) Differentiate 𝑦 = sin4 𝑥. 2 

   

   

   

 

(b) 
Hence, evaluate ∫ sin3 𝑥 cos 𝑥 𝑑𝑥

𝜋

2
0 . 

 
1 
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Question 21(8 marks) 
The acceleration of a particle moving along the x-axis is given by 𝑥̈ = 4𝑠𝑖𝑛2𝑡, where x is the 
displacement from the origin in meters and t is the time in seconds. 
Initially the particle is at the origin moving to the left at 1 m/s. 

 

(a) 
Show the velocity is given by 𝑥̇ = 1 − 2𝑐𝑜𝑠2𝑡. 

 

 
2 

   

   

   

   

   

   

   

   

   

   

(b) 
Find the time when the particle first comes to rest. 

 

 
 

2 
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(c) 
Sketch the graph of 𝑥̇ = 1 − 2𝑐𝑜𝑠2𝑡 for 0 ≤ 𝑡 ≤ 2𝜋. 

 
2 

  

 

 

 

 

 

 

 

 

 

 

 

 

(d) 
Find the exact distance travelled by the particle in the first 

𝜋

2
 seconds. 

 

 
2 
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Question 22(8 marks)  

Consider the curve given by the equation 𝑦 = 𝑥3 − 6𝑥2 + 9𝑥 + 4.  

(a) Find the coordinates of the stationary points and determine their nature. 3 
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(b) Find the coordinates of any point of inflection. 2 
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(c) Sketch the curve, showing all the information in part (a) and (b). 
 

2 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(d) 
Determine the values of x for which 

𝑑𝑦

𝑑𝑥
> 0. 

1 
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Question 23(5 marks)  

For the series 8 + 12𝑥 + 18𝑥2 + 27𝑥3 + ⋯  

(a) 
Show that the terms in this series form a GP. 
 

 
1 

   

   

   

   

   

   

   

 

(b) For what value(s) of x will this series have a limiting sum? 
 

2 
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(c) 
Find the limiting sum if 𝑥 =

1

4
. 

2 
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Question 24(2 marks)  

Show that function𝑓(𝑥) is an odd function for 𝑥 ∈ ℝ, given that  

𝑓(𝑥) =  {

𝑥2 − 2𝑥 + 3, (𝑥 > 0)
0, (𝑥 = 0)

−𝑥2 − 2𝑥 − 3, (𝑥 < 0)

 

 

2 
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Question 25(3 marks)  

For a curve with function 𝑓(𝑥) = (
1

𝑥
− 1) ln(1 + 𝑥), find the equation of the tangent to this curve at the 

point (1, 𝑓(1)).  
 

3 
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Question 26(4 marks)  
(a) The diagram below shows the sketch of the curve with equation 𝑦 = 𝑓(𝑥).   

 
 

 

 
 
 
 
 
 
 
 
 

 
Sketch the curve with the equation: 𝑦 = 2𝑓(𝑥 + 2) 

 

 
2 
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(b) State the period, amplitude, centre, and phase for the graph of𝑓(𝑥) = 5 − 3 sin(2𝑥 − 9). 
 
 

2 
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Question 27(5 marks)  

There are 5 red marbles and 4 blue marbles in a bag. Bill and Ben are playing a game in which 
they take turns drawing a marble from the bag and then replacing it. 

To win the game, Ben must draw a red marble and for Bill to win he must draw a blue marble. 
They continue taking turns until there is a winner. Ben goes first. 

 

 

(a) 
Find the probability that Ben wins on his first draw. 

 
1 

   

   

 

(b) Find the probability that Ben wins in three or less of his turns, in nearest percentage. 
 

2 

   

   

   

   

   

(c) 
Find the probability that eventually Ben wins the game, in nearest percentage. 

2 
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Question 28(4 marks)  

The curves 𝑦 = 𝑙𝑜𝑔𝑒𝑥 and 𝑦 = 𝑙𝑜𝑔𝑒(2𝑥) are drawn below. 

 
Find the shaded area between the two curves and the lines 𝑥 = 1 and 𝑥 = 𝑒. 

 
 
 
 
 
 
 
 
 
 
 
 

4 
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Question 29(6 marks)  

A rainwater tank attached to a house holds 5600 litres of water when full. The tank is initially 
empty. 

During a recent thunderstorm the tank took 2 hours to fill. 

The rate at which water flows off the roof into the tank after the storm commences is given by 
𝑑𝑉

𝑑𝑡
=

7

5
𝑡 −

7

900
𝑡2. 

 

(a) Find the time when the tank is filling at the fastest rate. 3 
   

   

   

   

   

   

   

   

   

   

   

(b) 
Find the amount of water which overflowed the tank if it rained for 3 hours. 

 
3 
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29  

Question 30(3 marks)  

We are given a quadratic function 𝑦 = 𝐴 + 𝐵𝑥 − 𝑥2. 

When the function is reflected across the y-axis, it is identical to shifting it 3 units to the left. 

When the function is reflected across the x-axis, it meets the y-axis at (0, 4). 

Find the equation of this quadratic function. 
 

3 
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Question 31(5 marks)  

The following diagram shows the graph of f'(x), the derivative of f(x). 

 

The graph of f'(x) has a local minimum at A, a local maximum at B and passes through (4, -2). 

The point 𝑃(4, 3) lies on the graph of the function f(x). 

 

 

(a) 
Write down the gradient of the curve at P. 

 
1 

   

   

 

(b) 
Find the equation of the normal to the curve of f(x) at P. 

 
2 
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(c) Determine the concavity of the graph of f(x) when 4 < 𝑥 < 5 and justify your answer.  
2 
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Question 32(7 marks)  

A farm has a sector-shaped field, as shown in the diagram below.  

∠BOA = 
𝜋

4
 and the radius is 80 meters. Point P lies on arc AB. PC ⊥ OA and PD ⊥ OB. 

 

The farm plans to have two types of vegetables, α and β, planted respectively in regions △OPC and 

△OPD. The ratio of the annual production value per unit between α and β is 1: √3. 

Let ∠AOP = 𝜃, where 0 < 𝜃 <
𝜋

4
. 

 

(a) 
Show that 𝐴△𝑂𝑃𝐶 = 1600 sin 2𝜃. 

 
2 

   

   

   

   

   

   

 

(b) 
Let the annual production value of α and β be 𝑦, and the annual production value per unit be 
𝑡.  

Show that 𝑦 = 3200𝑡 sin(2𝜃 +
𝜋

3
). 

 
3 
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(c) Hence, find the value of 𝜃 when the annual production value is at its maximum.  
2 
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Question 33(3 marks)  

Given that three numbers form a geometric sequence, if the first two terms remain unchanged 
and the third term is decreased by 32, they form an arithmetic sequence. Then, if the second 
term of this arithmetic sequence is decreased by 4, the sequence becomes a geometric 
sequence again. Find the third term in the original geometric sequence. 

 

3 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
 
 

END OF PAPER 
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Extra working space. Please state the question number clearly. 
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Extra working space. Please state the question number clearly. 
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Extra working space. Please state the question number clearly. 
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Extra working space. Please state the question number clearly. 
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Extra working space. Please state the question number clearly. 
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1 The graph of 𝑦 = 𝑓(𝑥) is shown below 

 
Which is the graph of 𝑦 = −𝑓(−𝑥) ? 

 (A) 

 

(B) 

 
 (C) 

 

(D) 

 
     
 
2 What is ∫ 𝑥

𝑥2+3
𝑑𝑥? 

 
 (A) 2

(𝑥2 + 3)2 + 𝐶 (B) 2ln|𝑥2 + 3| + 𝐶 

 (C) 1
2(𝑥2 + 3)2 + 𝐶 (D) 1

2
ln|𝑥2 + 3| + 𝐶 

 

Section I 
10 marks 

Allow about 15 minutes for this section. Use the multiple-choice answer sheet. 

0

0
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3 The graph of the derivative y = f ′(x) is shown. 

 
Which of the following graphs could be the graph of y = f(x)? 

 (A) 

 

(B) 

 
 (C) 

 

(D) 

 
 
4 What are the solutions to the equation 2 sin 𝑥 + √3 = 0, where 𝑥 ∈ [0, 2𝜋]? 
 (A) 𝜋

3, 2𝜋
3  (B) 2𝜋

3 , 5𝜋
3  

 (C) 4𝜋
3 , 5𝜋

3  (D) 7𝜋
3 , 11𝜋

3  
 
5 A card is randomly drawn from a set of 5 cards numbered from 1 to 5. After the card is returned 

to the set, another card is randomly drawn. What is the probability that the number on the first 
card is greater than the number on the second card? 

 (A) 1
10 (B) 1

5 
 (C) 3

10 (D) 2
5 

 
6 What are the period and axis of symmetry for 𝑦 = |tan 𝑥| ? 
 (A) 𝜋, 𝑥 = 𝑘𝜋

2  (𝑘 ∈ ℤ) (B) 𝜋
2, 𝑥 = 𝑘𝜋 (𝑘 ∈ ℤ) 

 (C) 𝜋, 𝑥 = 𝑘𝜋 (𝑘 ∈ ℤ) (D) 𝜋
2, 𝑥 = 𝑘𝜋

2  (𝑘 ∈ ℤ) 
     
7 If 𝑎 > 𝑏 > 1, 0 < 𝑐 < 1, then which of the following is always true? 
 (A) 𝑎𝑐 < 𝑏𝑐 (B) 𝑎𝑏𝑐 < 𝑏𝑎𝑐  
 (C) 𝑙𝑜𝑔𝑎𝑐 < 𝑙𝑜𝑔𝑏𝑐 (D) 𝑎𝑙𝑜𝑔𝑏𝑐 < 𝑏𝑙𝑜𝑔𝑎𝑐 
 
8 For an Arithmetic Sequence, 𝑎4 + 𝑎5 = 24, 𝑆6 = 48. What is the common difference d? 

 
 (A) 1 (B) 2 
 (C) 4 (D) 8 

0

0

0

0
←> 5< 岳= 岳)*ecreasng .

×

y = x
'

cspginceasingFase
. O , ∵ Fabse .

∞
T4+T5

0 a+ 3d+a+ 4d = 24

2a+7d = 24
.①⑥ (2a+ 5d) = 48

③ -② 2d = 8 2a + 5d = 16②
d = 4
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9 The function 𝑓(𝑥) = 𝑎𝑥2 − 2𝑥 + 𝑙𝑜𝑔𝑒𝑥 has two distinct extrema (max or min) at 𝑥1and 𝑥2. 

What is the range of 𝑎? 
 (A) (0,

1
2

) (B) (
1
2

, +∞) 
 

 (C) (0, 𝑒) (D) (𝑒, +∞) 
 
10 The graph of a function 𝑓 is shown below.  

 
If 𝑔 is the function defined by 𝑔(𝑥) = 𝑥2+1

𝑓(𝑥) , what is the value of 𝑔′(2)? 
 

 (A) −
8
9 (B) 1

9 
 

 (C) 1 (D) 32
9  
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0

磊了
② f( 2 )= 3

, m:聚告
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0
u= x

2
+ 1 U

'
= 2x

v = f(x) v
'
=θ'(x)

g
"
(x ) =

zxtsx ) -fcxxxpty
π

g
(2 )=

4t(z )-
)

= ”

一号 :

哥
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Question 11(2 marks)  
Solve the equation |𝑥| ≥ |𝑥 − 6|. 2 
  

  

  

  

  

  

  

  

 
 

Question 12(2 marks)  
Show that (1 − tan 𝑥)2 + (1 + tan 𝑥)2 = 2 sec2 𝑥. 2 
  

  

  

  

  

  

  

 
  

Section II 
90 marks 

x
2
≡x - 632 lmark

x
≡

x =- 12x + 36 for answer
12x ≡ 36 1 mank for
X 三 3 method

Mo methods No
manks

LHS = | -2ta + tan'x + 1 + 2tanx t tan'x

= 2 t 2 tan
'

x

= 2 ( ( + tan
>

x )

= 2 sec
2
x

= RHS
.
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Question 13(3 marks)  
At 12:00 noon, a ship sails due east from point P at an average speed of 20 km/h. The ship 
arrives at point Q at 2:00 PM. The bearing of point P from island I is 225°, and the distance 
between I and P is 30 km. 

 

 

(a) Find the distance between I and Q, to the nearest km. 1 

   

   

   

   

   

 

(b) Find the true bearing of Q from I. 2 

   

   

   

   

   

   

 
  

450 (

?

1450
4okom

IQ= 30 + 40
-

2 × 30 × 40 cos 450

IQ = 2500 - 1200聚 Working
≈ 28 km ( nearest km) and angwer

1 mank

sinQ sin 450
二

30 λ2500- 12002
Q n 480 Cnearest degree)

find O Imonk

Trmebearing
=2250 - ( 1800 -450 -480 )findbediy Imenk

= 1380 T
.

30=+28
'
- 402

OR
, use cosine rule : Cosθ= 2 × 30 × 28

f ≈ 870 ( nearest degree)
Tue bearing = 2250 - 870

= 1380T
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Question 14(2 marks)  
Solve  𝑙𝑜𝑔𝑒𝑥 − 3

𝑙𝑜𝑔𝑒𝑥 = 2. 2 

  

  

  

  

  

  

  

  

  

 
 

Question 15(2 marks)  
Solve 2 cos (2𝑥 − 𝜋

2) = √3 for 𝑥 ∈ [−𝜋, 𝜋]. 2 

  

  

  

  

  

  

  

  

 
  

let u = loge x
u一灵 : 2

u
2
- 2a - 3 = 0

I mark for
(u- 3 ) (u+ 1 ) = 0 wonkry
U= 3 u = -

1

l mark for z

logex = 3 logex = -
1 ansulers

x = e
3

v x = e
'

A
Thera lutin Λ
isaso whel e
hepe oxt

-Tπ≤ x ≤π

- 2π ≤ 2x ≤ 2π

_
5T1

cos (2x-芒 ) = 整 Ʃ≤ 2x- ≤型

2x-恶二苦 ,
一苦 , 一哭 , 一張 ,

zmonks
、

- 5平
2x二弯 ,

弯
,
一弯 , 3 forgivuy

入二哥
, 要 ,

一弯 , 一兕
,

au 4 answers

if 2 or 3

mith conrech

Wonky
'

imark
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Question 16(5 marks) 

Differentiate with respect to 𝑥: 
 

 

(a) 
𝑦 = 𝑥4𝑙𝑛𝑥 

1 

   

   

   

(b) 
𝑦 =

𝑒𝑥

𝑥2 
 

 
 

2 

   

   

   

   

   

   

(c) 
𝑦 = sin 𝑥3 
 

 
2 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
  

u=x
4

u = 4x
3

V= Inx √ “ =方

y = x
4
×文 + 4x

3

Inx

= x
3
+ 4x

3
Inx

u= ex u
'
= ex

v = x
2

V
'
= 2x

y
'
=
x
'

e
*
- 2xe

*

x
4

=

xex - 2ex

x
3

y
'
= 3x

2
cosx

3
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Question 17(2 marks)  

Find the integral ∫ 1
5𝑥+3

𝑑𝑥. 2 

   

   

   

   

   

 
Question 18(3 marks)  
(a) Differentiate 𝑦 = 𝑥𝑙𝑜𝑔𝑒𝑥 with respect to 𝑥. 1 

   

   

   

 

(b) Hence, find the exact value of ∫ 𝑙𝑜𝑔𝑒𝑥 𝑑𝑥3
1 . 2 

   

   

   

   

   

   

   

   

 
  

= 方 In | 5x +3 |+ C

y
'
= logex + 1

= {
,

β

(☆ (xlogex ) - 1 ) dx

= Exlogex - x ] ?
= 3 loge3 - 3 - loge |+ 1

= 3 loge 3
- 2
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Question 19 (3 marks)  
(a) Use the trapezoidal rule, with five function values to find the area bounded by the curve 

𝑦 = √𝑥 + 1, the x-axis, and the lines 𝑥 = 0 and 𝑥 = 4. Give your answer to 2 decimal 

places. 

2 

   

   

   

   

   

   

   

   

 

(b) Is your answer in part (a) an underestimate or overestimate of the actual integral? Give a 

reason for your answer. 

 
1 

   

   

   

   

 
  

A =

4- 0 { fc0) + f(4>+ 2 [ t(x+ f(2) + t(3)] }2 ×4

= 主 [ 尔 +5 + 2 ( I + 3 + 4 ) ]

= 6 . 7642 - … 1 menk ror
≈ 6

, 76 unifs
=

( 2 dp .) subtituting
correetly
I monk fon
cornect usmer

∵

y
= xtl is concave down for xEt- 1 , +∞ )

. : It estimatender the area of the actual integral .

∅ rmark
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Question 20 (3 marks)  
(a) Differentiate 𝑦 = sin4 𝑥. 2 

   

   

   

 

(b) Hence, evaluate ∫ sin3 𝑥 cos 𝑥 𝑑𝑥
𝜋
2

0 .  
1 

   

   

   

   

   

   

   

  

y
'
= 4 sin3xcosx zmarks for

「

Wrikiny Correctly
and chearly

= 年 S
。

芒
4 sin3xcosxdx

= 年 tsin4x ] 項
二年

,

I mank for
copnect ansmer
and marky
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Question 21(8 marks) 
The acceleration of a particle moving along the x-axis is given by 𝑥̈ = 4𝑠𝑖𝑛2𝑡, where x is the 
displacement from the origin in meters and t is the time in seconds. 
Initially the particle is at the origin moving to the left at 1 m/s. 

 

(a) 
Show the velocity is given by 𝑥̇ = 1 − 2𝑐𝑜𝑠2𝑡. 

 

 
2 

   

   

   

   

   

   

   

   

   

   

(b) 
Find the time when the particle first comes to rest. 

 

 
 

2 
 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

为 = 4 sin2t

x = 54 sin2t dt
= 2 S 2sin2t dt
= - 2cos2t + C 2 marks to

showeverg 「

When t= 0 , x = - 1 .

- 2 cos ( 0) + C = -
1 step not

s theppry
- 2 + c = -

1

c = 1

. x = 1 - 2cos2t
.

At estwhen x = 0 .

1 menk fon
「

|- 2cos2t = 0 soluy
cos 2t = 立

I mank
.

for
2t = 弯 ,

5

号 … staby the
十 = 台 ,

5
号 , … ausmer is I

. First af rest when t =号
.

6
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(c) 
Sketch the graph of 𝑥̇ = 1 − 2𝑐𝑜𝑠2𝑡 for 0 ≤ 𝑡 ≤ 2𝜋. 

 
2 

  

 

 

 

 

 

 

 

 

 

 

 

 

(d) 
Find the exact distance travelled by the particle in the first 𝜋

2
 seconds. 

 

 
2 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Period==π

Amplitude : 2
max : 3

reflect on x- axis I I unit up
} min : 1

mares
2 G

寻鬭
forcanmedndpouls
'shape

∴

…

andhercepts

x = S 1 - 2 cos2t I manl hor

= - sin 2t + ttc . warky
hhen t = 0 , x = 0

I munk for
! ( = 0 correctansuer
x = - sin2t+ t.
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Question 22(8 marks)  
Consider the curve given by the equation 𝑦 = 𝑥3 − 6𝑥2 + 9𝑥 + 4.  

(a) Find the coordinates of the stationary points and determine their nature. 3 
   

   

   

   

   

   

   

   

   

When t =岳 , 九 = 苦一雪苦查6 倍
when t=π , x = 受

d=| 苦 - 雪 1 × 2 + 芒

= 2 ( 整 - 苦 )垩

= 场 - 哥垩

= ( 3 + 后 ) m .

y
'
= 3x

2
- 12x + 9 .

stationary pointwhen y
= o ,

3x
2
- 12x + 9 = 0 l mank for

x
”
- 4x + 3 = 0 f

'
cous and sokug

( x- 3 ) ( x
- 1 ) = 0

x= 3 or x = 1 .

2 munks for
1 = 6x - 12 Fndiyandshetiyy

mux andWhen x = 1
, y

= 8 , fi 1 ) = 0 ,

t " ( 1 > ) = -6 < min
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(b) Find the coordinates of any point of inflection. 2 
   

   

   

   

   

   

   

   

   

   

   

  

 

 

: ( 1 , 8 ) is a max turning point .
When x= 3 , y

= 4 , f ( 3) =0 ,

f" (3) = 6 > 0

: 13 , 4 ) is a minturning point .

Point of inflection when f "(x ) = 0
.

6x- 12 = 0
「

6x = 12 imarkgettngfte pont
X = 2

monkforuniy¢

x 1 2 3

y
"
- 6 0 6

一

y
" table to

ƩO 70 cheek Concaity
, : Thereis achangeofcancaityChaye: (2 , 6 ) is a pointofintlection.
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(c) Sketch the curve, showing all the information in part (a) and (b). 
 

2 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(d) 
Determine the values of x for which 𝑑𝑦

𝑑𝑥
> 0. 

1 

   

   

 
  

Λ
、Y : 1 , 8)

2 monks tt

see!L'
imisie,

=
mon imax

↓ hurtercers
e y -dr

<

√

7 「 1
1 > x

- Correch shagp1
Ʃ 了

x > 3 orx ← 1
.

1 monk for

guhigGothnematiy
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Question 23(5 marks)  
For the series 8 + 12𝑥 + 18𝑥2 + 27𝑥3 + ⋯  

(a) 
Show that the terms in this series form a GP. 
 

 
1 

   

   

   

   

   

   

   

 

(b) For what value(s) of x will this series have a limiting sum? 
 

2 

   

   

   

   

   

   

   

   

   

   

   

兵 : 学二号 x
T3

T2
=

1岗 = 号 x

: 兵口
.
: It is a GP .

r= x, limiting sum exist when In 1 ←
1

义1 |= 1

一 1 ← 言x = 1

:一言 × 言,
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(c) 
Find the limiting sum if 𝑥 = 1

4
. 

2 

   

   

   

   

   

   

   

   

   

 
  

r = 言入市

二号

S∞= 19 .
δ

二卜号

= 㕺
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Question 24(2 marks)  
Show that function𝑓(𝑥) is an odd function for 𝑥 ∈ ℝ, given that  

𝑓(𝑥) =  {
𝑥2 − 2𝑥 + 3, (𝑥 > 0)

0, (𝑥 = 0)
−𝑥2 − 2𝑥 − 3, (𝑥 < 0)

 

 

2 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
 
  

When x = 0 , f(-x) =0
- f(x) = 0 which satisties f(- x) = - f(x )

When x >0 ,
f(x) = x2- 2x + 3

,

Then , - x = 0

: f (-x) = - (- x>㎡ - 2 ( - x ) - 3
=
- x=+ 2x - 3

= - f(x ) for x > 0
.

When x= 0 , fcx) = - x
=
- 2x - 3

Then - x > 0

: fc-x)= (- x)
㎡
- 2( -x ) + 3

= x
㎡

+ 2x + 3

= - f(x) , for x=o .
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Question 25(3 marks)  
For a curve with function 𝑓(𝑥) = (1

𝑥
− 1) ln(1 + 𝑥), find the equation of the tangent to this curve at the 

point (1, 𝑓(1)).  
 

3 

  

  

  

  

  

  

  

  

  

  

 
  

u= 文 - 1 u
'
=
-和

1

v = In( 1+x ) V
'
=

x+ 1

ti (x)= ( x - 1 ) .1 + x - 家In (+ x )

f ' c ( ) = O -In

= - In2

whenx=1 , fcc) = 0

y
- 0 = (- In2) (x- 1 )

y
= In 2 - xIn 2

.
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Question 26(4 marks)  
(a) The diagram below shows the sketch of the curve with equation 𝑦 = 𝑓(𝑥).   

 
 

 

 
 
 
 
 
 
 
 
 

 
Sketch the curve with the equation: 𝑦 = 2𝑓(𝑥 + 2) 
 

 
2 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

shift 2 units to the left ,

stretch vertically by 2 .

八 Y
A

……

:

心…∵"⑨



24  

 

(b) State the period, amplitude, centre, and phase for the graph of𝑓(𝑥) = 5 − 3 sin(2𝑥 − 9). 
 
 

2 

   

   

   

   

   

   

   

  

Period =
2
是 = π

Amplitude = 3
entre : 5

Phase : sin ( 2x - a ) = sini 2 (x.{ )]
shift I units to the right .
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Question 27(5 marks)  

There are 5 red marbles and 4 blue marbles in a bag. Bill and Ben are playing a game in which 
they take turns drawing a marble from the bag and then replacing it. 

To win the game, Ben must draw a red marble and for Bill to win he must draw a blue marble. 
They continue taking turns until there is a winner. Ben goes first. 

 

 

(a) 
Find the probability that Ben wins on his first draw. 

 
1 

   

   

 

(b) Find the probability that Ben wins in three or less of his turns, in nearest percentage. 
 

2 

   

   

   

   

   

(c) Find the probability that eventually Ben wins the game, in nearest percentage. 2 

   

   

   

   

   

   

   

 
  

PC Ben mins on Ist draw ) = 9

PS Ben nins on 3rd or less turns )

二号十弄 ×号 × 号 + 瑞 × 号 × 告 x 号 x 号
= 0 . 326…

≈ 73%

GPnitha = 号 , r= 告 x 号 : 品

: Irlel

' : lim

sum
exists

.

S ∞ =

1 - 号

,

= 73 .
77. %

≈ 74 %
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Question 28(4 marks)  
The curves 𝑦 = 𝑙𝑜𝑔𝑒𝑥 and 𝑦 = 𝑙𝑜𝑔𝑒(2𝑥) are drawn below. 

 
Find the shaded area between the two curves and the lines 𝑥 = 1 and 𝑥 = 𝑒. 

 
 
 
 
 
 
 
 
 
 
 
 

4 
   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

  

A = 1
,

0

f loge ( 2x ) - loge( x ) ] dx
= {

,

←

( 2 + Inx - Inx ) dx

= J
,

0

In 2

= [ x In 2 ] 9
=
e In 2 - In 2

= In 2 ( e- ( )
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Question 29(6 marks)  
A rainwater tank attached to a house holds 5600 litres of water when full. The tank is initially 
empty. 
During a recent thunderstorm the tank took 2 hours to fill. 
The rate at which water flows off the roof into the tank after the storm commences is given by 
𝑑𝑉
𝑑𝑡

= 7
5

𝑡 − 7
900

𝑡2. 

 

(a) Find the time when the tank is filling at the fastest rate. 3 
   

   

   

   

   

   

   

   

   

   

   

(b) Find the amount of water which overflowed the tank if it rained for 3 hours.  
3 

   

   

   

   

   

嶽癌潑
0= 分

t = 90 mins

Check : 表 (淼 ) = - 50 ← o

.
.
It 's max

.

v = 9 号十一 。t =d 北

= πt' _ ㉗00 t 3 + c

When t= 0 , V=0
.

. C= O

∵ V = 老t = _00 t β
,
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When t= 180 ,

V= 元 × 180
㎡
_ 200 × 1803

= 2560 e
.

Overflowed = 7560- 5600

= 1960 l
.
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Question 30(3 marks)  
We are given a quadratic function 𝑦 = 𝐴 + 𝐵𝑥 − 𝑥2. 
When the function is reflected across the y-axis, it is identical to shifting it 3 units to the left. 
When the function is reflected across the x-axis, it meets the y-axis at (0, 4). 
Find the equation of this quadratic function. 

 

3 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

y
- int : - 4

y

=
- x=+ Bx- 4- 1 mark

f(-x) = f(x +3 ) - 1 mark
-x

㎡
- Bx - 4= -(x+ 3=+ B( x+33 - 4

一Bx- ④=-进 - 6x - 9 + Bx + 3B -④
-Bx - Bx + 6x = 3B - 9

( 6 - 2B ) x = 3B - 9

: B = 3

. . The equationis
y = -

x

^+3x - 4
.

1 mark .
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Question 31(5 marks)  

The following diagram shows the graph of f'(x), the derivative of f(x). 

 

The graph of f'(x) has a local minimum at A, a local maximum at B and passes through (4, -2). 

The point 𝑃(4, 3) lies on the graph of the function f(x). 
 

 

(a) 
Write down the gradient of the curve of at P. 

 
1 

   

   

 

(b) Find the equation of the normal to the curve of f(x) at P.  
2 

   

   

   

   

   

   

   

  

 

 

µ

m = - 2

Mnormal : 当 - I mank for correct gradient
y
- 3 = 立 ( x- 4)

2
y
- 6 = x - 4

2
y
= x+ 2

y
= 当x+ 1

- markfortheequation .

or x - 2

y
+ 2 = 0
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(c) Determine the concavity of the graph of f(x) when 4 < 𝑥 < 5 and justify your answer.  
2 

   

   

   

   

   

   

   

 
 
  

!
in gradient ofthx, at4exes ispositives
tisxsat 4xxesispositive

eunl mark

Theretore , cancaveupw I 1mark

* articulate
your respanse learlymith

correctmathemartical terms
.
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Question 32(7 marks)  

A farm has a sector-shaped field, as shown in the diagram below.  

∠BOA = 𝜋
4

 and the radius is 80 meters. Point P lies on arc AB. PC ⊥ OA and PD ⊥ OB. 

 

The farm plans to have two types of vegetables, α and β, planted respectively in regions △OPC and 
△OPD. The ratio of the annual production value per unit between α and β is 1: √3. 

Let ∠AOP = 𝜃, where 0 < 𝜃 < 𝜋
4

. 

 

(a) 
Show that 𝑆△𝑂𝑃𝐶 = 1600 sin 2𝜃. 

 
2 

   

   

   

   

   

   

 

(b) Let the annual production value of α and β be 𝑦, and the annual production value per unit be 
𝑡.  

Show that 𝑦 = 3200𝑡 sin(2𝜃 + 𝜋
3

). 

 
3 

   

   

   

   

√

som

)芉 「

m

In DOPC , OP = 80m , OC= OPcos θ

- socosD - 1 mark

ALOPC = 当 x 8o × 8ocosDxsinθ

= 3200 sinθ cosθ

= 1600 sin20 .

- I mark

Acopc = 1600 sin20

AoopD = 1600 sint 2 (岳 - θ ) ]

= 1600 sin ( 是 - 20 )

= 1600 cos20 - I mark
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(c) Hence, find the value of 𝜃 when the annual production value is at its maximum.  
2 

   

   

   

   

   

   

   

 
  

use the ratio between a and f with t .

y
= (600 sin2θxt + 1600 cos20 x 3t - 1 mark

w m

= 1600 t ( sin2θ+ I3 cos2θ )

= 3200 tsin ( 20 +号 ) successfully shor mith clear
working ant - I mark

.

∵ O <θ T 岳

∵ 弯 ← 2O芳大否

Max when 20 +号 = I - 1 mark

2θ= 岳

θ=后
,

- 1 mark
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Question 33(3 marks)  
Given that three numbers form a geometric sequence, if the first two terms remain unchanged 
and the third term is decreased by 32, they form an arithmetic sequence. Then, if the second 
term of this arithmetic sequence is decreased by 4, the sequence becomes a geometric 
sequence again. Find the third term in the original geometric sequence. 

 

3 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
 
 

END OF PAPER 
  

Let the numbers form A .p be a-d , a , atd .

original ( form G
. P) : a-d , a , atd +32

- I mark for setting
G .P ( again )

: a- d , a- 4 , atd vaniables
a

a- d
=
a+d + 32

⇒a ㎡= ( a-d)( a+d+32)…①
a

atdd= ar 4 =⇒ (a- 4) = (a+d> (a-d)…②
From②,a 8a + 16 - ad

2 - mark for setting
8a = d=+16 simuttanears equatiasns comeclly
a = dif 6 -

- ③ with the infrrmation prornided
From① atad+ 32a-ad- P - 32d

32a - d
2
- 32d = 0 … ④

d㎡+ 16
sub ③ into ④ : 32x - d㎡ - 32d = 0

8

4 sd㎡+16)- d
>
-32d = 0

4d㎡+ 64 - d2- 32d = 0

3d
㎡
- 32d + 64 = 0

d =
32 ± 16

6

d = s or 二号

a= 10{d = 8 and灣
338

.
: The 3rd term in the original GP ave 50 or

9

- I mark for correot
answers

.
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Question 33(3 marks)  
Given that three numbers form a geometric sequence, if the first two terms remain unchanged 
and the third term is decreased by 32, they form an arithmetic sequence. Then, if the second 
term of this arithmetic sequence is decreased by 4, the sequence becomes a geometric 
sequence again. Find the third term in the original geometric sequence. 

 

3 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
 
 

END OF PAPER 
  

Alternate Method
.

Let the original Gp be a , ar and ar
?

.

Then , the Ap will be a , ar and ar
-
- 32

.

The secand op willbe a ,ar - 4and ar
-
- 32

.

ar- 4 ar
㎡
- 32

ar - a = ar
=
- 32- ar 二

a ar -4
ar
㎡
- 2ar + a = 32

ar - 4 )
2
= acar

㎡
- 32)

a( r
=
- 2r + 1) = 32 …① sar+16 = a)- 32a

Sar - 32a = 16

Sub ② into ① ,

a ( r - 4) = 2

2

y(
r ㎡- 2r +1 ) = 32

a = r - 4
…②

2 ( r
2
- 2r + 1 ) = 32 ( r- 4)

r
㎡
- 2
r+| 1 = 16r - 64

r
㎡
- 18r + 65 = 0

( 8 - 5 ) ( r - 13) = 0

∵ { a= 2 or {
a= 齐

γ= 5 γ= 13

ar==50 , ar
㎡=

338

9

: The 3rd term in the original GP are 50 or
33

号
,
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